Objective: To analyze the incidence and outcome of prehospital cardiac arrest as it correlated to gender and age as a secondary end point in an interventional clinical trial.
INTRODUCTION
O N E OF THE EARLIEST EMERGENCY MEDICAL SER-VICES (EMS) outcome studies was reported by Pantridge and Geddes in 1967, citing the Belfast experience. 1 The mobile intensive care unit was summoned in 338 cases, with 92% admissions for myocardial infarction (MI) with a 50% rule-in-rate with electrocardiogram or enzymatic evidence of myocardial infarction in this high-acuity population. The prehospital cardiac arrest incidence was 3.4% (10) , with 50% (5) of this group surviving to discharge, a surprising survival statistic in this critically ill population. The U.S. experience was reported by Crampton et al. in 1975, 2 who noted a 26% decline in prehospital and 62% in-hospital mortality in those who underwent ambulance transport who were ,70 years of age and a 66% success rate in prehospital cardiopulmonary resuscitation (CPR), measured as long-term survival under optimal circumstances.
The use of prehospital healthcare providers to intervene in acute cardiac emergencies historically has been a focus of emergency care. However, Dean et al. 3 reported on the outcome of 134 patients who received mobile paramedic unit care compared with control patients without paramedic intervention and found no change in outcome by multiple logistic regression analysis. Defibrillation was the only beneficial intervention identified, but it added a 29-minute delay to hospital arrival, suggesting the need for more streamlined care.
Four factors are related to the ability to resuscitate in prehospital cardiac arrest: time to starting rescue procedures, use of electrical defibrillation, accuracy of technique of basic life support (BLS), and ventilation efficacy, decreasing in effectiveness. 3 In the demographic analysis by Brison et al. 4 of the cardiac resuscitation experience of 1510 cardiac arrest patients, most (92.1%) patients were .50 years of age, 68.3% were male, and 79.6% of arrests occurred at home. The average ambulance response time of witnessed events was 7.8 minutes, and the overall survival rate was 2.5%. Factors predicting survival included age, ambulance response time, and whether CPR was started before ambulance arrival but did not include early defibrillation.
Tresch et al. 5 evaluated a population of 381 cardiac arrest patients, comparing older and younger (,70 years) cohorts, who experienced emergency medical team-paramedic (EMT-P)-witnessed cardiac arrest. The elderly patient cohort more commonly had a past history of heart failure (25% vs. 10%), was more commonly taking digoxin (40% vs. 20%) or diuretics (35% vs. 25%), and was more likely to complain of dyspnea (53% vs. 40%). Younger patients were more likely to complain of chest pain (27% vs. 13%) and were in ventricular fibrillation (42% vs. 22%). Interestingly, the patients' chief complaint correlated with the initial rhythm, where 68% of those with chest pain demonstrated a ventricular fibrillation event compared with 21% of those with dyspnea. Although there were equivalent initial resuscitation rates in the elderly patients, their survival to discharge was decreased comparatively (24% to 10%).
The medical literature is replete with instances of gender-based differences in all aspects of care. Pope 6 evaluated 10,689 patients with early emergency department (ED) revisit for chest pain, where female gender at age ,55 years was an independent predictor (OR 6.7) for a missed MI diagnosis. Likewise, Johnson 7 found a discrepancy in management in which female gender was associated with a less invasive approach to cardiovascular disease, with decreased rates of admission (OR 0.68), exercise stress testing (OR 0.81), and cardiac catheterization (OR 0.44). Finally, outcome is poorer and there is increased mortality in older African American women administered thrombolytics and those who have and subsequently die from pulmonary embolism. 8, 9 This study attempts to define gender as a secondary outcome predictor in prehospital cardiac arrest.
MATERIALS AND METHODS
This prospective, randomized multicenter clinical trial involved cardiac arrest patients encountered by paramedics in a prehospital setting and transported to hospitals within the study area, usually within a 5-30-minute transport time. The multicenter trial enrolled patients encountered by Western Pennsylvania EMS systems into this protocol.
Inclusion criteria were subjects suffering from cardiac arrest refractory to defibrillation in whom intravenous (i.v.) access was obtained, including subjects with ventricular fibrillation, pulseless VUKMIRelectrical activity (PEA), and asystole. Exclusion criteria included subjects suffering from overt respiratory arrest and those without i.v. access. Patients received standard advanced cardiac life support (ACLS) protocol, including chest compression, ventilation, defibrillation, epinephrine (0.01 mg/kg), atropine (0.01 mg/kg), and antiarrhythmics or pressor agents as warranted. Patients were individually randomized to a treatment group receiving an empiric dose of bicarbonate (Abbott Laboratories, Abbott Park, IL) 1 ampule (50 mEq/L), early in the arrest cycle. The control group received an equal amount of normal saline in a double-blinded fashion to clarify the benefits of the osmolar load vs. base deficit correction.
Routine clinical variables that were potentially related to outcome were analyzed, including demographics, response to bicarbonate administration, scene factors, response time, cardiopulmonary variables, procedures, and duration of arrest (Table 1) .
Demographic data included age, weight, and gender (Table 1) . Routine cardiopulmonary variables were monitored. Neurological outcome was measured initially as the Glasgow Coma Score (GCS), and long-term outcome was assessed by the Folstein Mini-Mental Examination postarrest. 10, 11 Patient outcome was recorded as the return of spontaneous circulation (mean atrial pressure 50 mm Hg), and initial ED survival (discharge) was a primary end point.
Patients were enrolled under the doctrine of implied consent for the emergency use of an accepted resuscitation modality, and notification was provided if requested by family or healthcare resources. Patients' hospital records were not reviewed. In addition, administration of an FDAapproved agent (sodium bicarbonate) in the emergency setting for moderate to prolonged cardiac arrest may be the standard of care, and in conjunction with the stated conditions, which were met, consent could be waived. This study was approved by the University of Pittsburgh Institutional Review Board, under this rationale, and it was modified to address Office for Protection from Research Risk issues concerning "deferred consent." 12, 13 Numerical data were represented as mean and standard deviation (SD) with Student's t test, comparisons for continuous data, chi-square with Pearson correlation tests for proportional comparisons, and logistic regression for intergroup comparison where appropriate (alpha ,0.05) (SPSS/PC1 ® , Chicago, IL). Trends in adverse outcome were reported as odds ratio (OR) and relative risk (RR). The study results were examined by the investigators at 3-month intervals (or 25% of projected patients) to verify early trends and outcome, with the capability of later modification.
The sample size of 1000 was sufficient to delineate a 50% difference in survival and neurological outcome at 80% power and a 95% confidence interval (95% CI) between control and treatment groups. This estimate was based on a 12% rate of return of spontaneous circulation (ROSC) from specific urban locale prehospital arrest data. This was a single-step emergent intervention, excluding the need for stopping rules for halting the trial prematurely.
RESULTS
There were 874 patients registered, with gender data available in 87.7% (767) of patients (Fig.  1) . The majority of arrests were male, 68.9% (527), (Fig. 1) . The mean time until provision of bystander CPR (By-CPR) was 2.08 6 2.77 minutes, and time to BLS support was 6.62 6 5.73 minutes. There were no age correlates to survival, with a mean age of 67.3 6 14.9 years for survivors compared with 67.5 6 15.2 years for nonsurvivors (p 5 0.943) ( Table 2) .
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However, there was a significant correlation between gender and prehospital survival. Specifically, not only did males have a 2.4-fold higher incidence of cardiac arrest (68.9 vs. 31.3%, p 5 0.001), but this was accompanied by a 60% decrease in survival (14.8 vs. 19.6%, p 5 0.004) compared with female patients (Table 3 ). The risk of VUKMIR 670 (Table 4) . There was an association between male gender and the presence of HTN, a 2.2-fold increased incidence in men (69.1% vs. 30.9%), but HTN was not correlated with survival.
DISCUSSION
There are a host of factors that may affect cardiac arrest outcome, including both gender and age correlates. There has been a changing incidence of out-of-hospital ventricular fibrillation from 1980 to 2000. This change is manifested as an overall decrease in the incidence of ventricular fibrillation arrest from a baseline of 56% (0.85-0.38 per 1000 patients) (RR 0.44, 95% CI 0.37-0.53), which was most evident in men, 57% (RR 0.43, 95% CI 0.35-0.53).
14 This effect was offset by an increase in asystole and PEA in women.
Survey data by Ng et al. 15 concerning 105 younger cardiac arrest (1-39 years) patients found a male predominance (62%) of arrest, secondary to cardiac disease in 38%, arthrosclerotic heart disease in 50%, and toxic exposure in 21%. The most common presenting rhythm was ventricular fibrillation (45%), associated with a 48% resuscitation rate, with over 28% of postresuscitation patients achieving long-term survival. Favorable outcome was predicted by the arrest being witnessed or associated with primary cardiac dysrhythmia. Asystole was a negative prognostic indicator, and age, sex, race, ByCPR, and EMT-P response time were not significant prognostic factors affecting long-term survival.
The outcome of cardiac arrest in the elderly has been suggested to be associated with worsened outcome. Murphy et al. 16 evaluated 503 elderly patients with in-hospital arrest, demonstrating a 22% initial resuscitation rate and a 3.8% ultimate survival to discharge. Likewise, Hallstrom et al. 17 found an inverse association between age and survival. Interestingly, we found there to be no age relation in our arrest cohort, with a mean age range of 67.3-67.5 years for both survivors and nonsurvivors. Perhaps, we are prone to b-error, as our study sample size was insufficient to prove a relatively small clinical difference.
Clearly, there is a significant amount of discussion about gender-based discrepancies in diagnosis, treatment, and outcome in various disease categories. Vaccarino et al. 18 reported, from the National Registry of Myocardial Infarction 2 Participants, including 384,878 patients, that there was an increase in mortality in women (16.7 vs. 11.5%) with MIs, which reached equivalency by 74 years of age. Likewise, Hochman et al. 19 found a nonsignificant trend toward worsened outcome in women, accompanied by a smaller incidence of ST segment elevation (27.2 vs. 37.0%, p , 0.001), as well as fewer MIs in those with ST elevation (36.6 vs. 47.6%, p , 0.001). Women have worsened outcome in a number of MI scenarios. Maynard et al. 20 evaluated 4255 consecutive women (34%) with acute MI (AMI) who were older, had congestive heart failure (CHF), HTN, or diabetes, and less often had a history of MI or coronary surgery. They were 20% more likely to not survive hospitalization (OR 1.22, 95% CI 1.06-1.35), but there was no difference in long-term survival (hazard ratio 0.97, 95% CI 0.90-1.05) compared to men.
In the postoperative phase, Nettleman et al. 21 found that on multivariate analysis, women smokers had an increased all cause mortality (RR 2.2, 95% CI 1.2-4.2). In contrast, although Gan et al. 22 found a decreased level of cardiovascular invasiveness, citing decreased rates of diagnostic catheterization (RR 0.75, 95% CI 0.68-0.83) and thrombolytic administration (RR 0.93, 95% CI 0.90-0.96) in women, there was no difference in 30-day mortality. In the prehospital cardiac arrest population, there was a significantly higher incidence and worsened outcome found in men in this study. However, it is important to distinguish this highrisk poor-outcome cohort from those refractory to defibrillation. There are influences of other established risk factors that are potential confounders of the gender association. Blair et al. 23 reported an association of decreased fitness and worsened outcome independent of smoking, HTN, and lipid levels. However, Njolstad et al. 24 reported smoking as a stronger risk factor in women than in men compared with other cardiovascular risk factors. In our study, we did find an increase in HTN in our male cohort.
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Analysis of additional comorbid factors found no significant association with other disease conditions to be responsible for this poor survival in men in our study. There are other risk factorssmoking, sedentary lifestyle, cholesterol levelthat were not evaluated but may be contributory. Therefore, it is appropriate to limit the relationship to an association between male gender and adverse outcome that may not be independent of other related variables not controlled for in this study.
CONCLUSIONS
The presence of male gender was associated with both an increased incidence and a worsened outcome in refractory prehospital cardiac arrest.
